BASI C EXPLANATI ON OF COST OF QUALITY

COST _OF QUALITY

What is the cost of quality? The traditional approach to this
question has seen cost of quality as the cost oP failure, or
spoi l age, or the effort required to bring naterial that does” not
conform to requirenents back to a state where the naterial is once

again acceptable for wuse. The focus has been on scrap, rework, and

repair, The data exam ned has enconpassed the cost of the material,
and the nman  hours required for disposition of nmaterial by
manuf act uri ng. Often the data is expressed as a percentage of direc

|l abor, or in the case of the material, a percentage of total work
center output val ue.

The approach described above is one focused purely on FAILURE. Such
an approach falls short of identifying the true cost of quality for
the organization, and nore inportantly, fails to support the need for
multidisciplined evaluation of problens to find the true root causes
of errors and to elininate those causes. Failure costs are
definitely a part of the cost of quality, but only one part.

The cost of quality is:

“the cost of all efforts expended to
find nonconformng output , react to
act ual failures both ‘internally and

externally, and to prevent failures from
happening in the first place”.

“costs expended in the effort to find
non- conf or m ng out put are cal | ed
appraisal coOsts”.

“the costs of actual failures thenselves
and their correction are called internal
failure and external failures costs”.

“the costs of efforts designed to stop
problens or failures fromoccurring in
the first place are called prevention
costs” .

W will begin by Ilooking at definitions of each of the primry
categories of cost of quality.

Appr ai sal Costs

These are costs that anyone expends in an effort to judge the
acceptability of out put and to identify any instance of
non- conf or mance. Ke% terms here are evaluation activity,
measure, or audit. he enphasis is on conpliance mﬁth“%uality
standar ds and/ or performance requirements for any ut put
(pugchase order, engineering drawing, circuit card, actuator,
etc.).
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Fai l ure Costs

These are costs that are associated with activity required to
evaluate and either correct or replace output that fails to neet
established quality standards and/or perfornmance requirenents.
The enphasis is on the decision regarding what to do and then the
resul tant action. Key terns are determne, disposition, rework,
scrap, lepair, reaccomplish, Or correct.

There are two types of failure costs:

| nternal Failure

These are incurred prior to final deliv%ry of the specific
output to the customer (internal or external “custoner) .

External Failure

These are incurred after final delivery of the specific
output to the customer (internal or external custoner)

Preventi on Costs

These are costs incurred through efforts to avoid nonconform ng
output from occurring in the first place. These include actions
that occur prior to or durin% al | phases of business activity.
The key idea here is that these actions are ainmed at ensuring
activities wll be done correctly before the activities actually

t ake pl ace. Thus , errors are prevented from happening in the
first place.

Understanding the general concept of each category is inportant.
First, knowing what costs fall under each category requires a clear
understanding of what each category nmeans. Second, the |evel of cost
in each category can tell you a great deal about what kind of
approach an organization has towards quality in general. Third, the
relative size of each category, when conpared to each other as well
as to the total cost of quality, is again an indicator of possible
cour ses of action needed to address quality issues In that
or gani zat i on.

Table 1-1 provides exanples of the types of activities that can be
found wunder each of the four nmain categories. Table 1-1 was taken
directly fromthe American Society for Quality Control publication
“Principles of Quality Costs”.



Table 1-1 provides exanples of the types of activities_that can
be found under each of the four main--categories. Table 1-1 was
taken directly from the Anerican Society for Qualitycontrol

publ i cati on, '

“Principles of Quality Costs”.

DETAILED QUALITY COST DESCRIPTION SUMMARY

Reprinted by p

"Principles ©f

Costs’ ',

rican Society for
S 1986
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ApBendi X A contains other lists taken from various studies and
publ i cati ons. As nmentioned earlier, understanding what costs fall
under each <category requires a clear understanding of what each
category neans. Careful study of the definitions given above and the
information in table 1-1 and Appendix A should give the reader a good
grasp of the basics. Note also that nore detail is provided in the
I'ndi vidual functional sections found in Chapter four of the handbook.

One word of caution: It is easy to becone overly concerned about
very precise placement of costs in the appropriate category. \ile a
certain degree of accuracy is certainly inportant to avoiding the
erroneous inflation or reduction of a given category, experience has
showmm that the nunber of controversial costs is usually small and

that the danger of skewing the data is small. The best rule to
followis to go back to the basic definitions of the categories.

Let’s look at two exanples. One m ght conclude that inspecting a
problem area wth the purpose of preventing defects from getting out
is an exanple of prevention costs . Go back to the definitions.

Prevention costs are incurred through efforts to avoid non-conform ng
output from occurring in the first Place. The inspection here is
clearly finding defects after they have occurred. These inspection
costs are appraisal, or costs incurred in an effort to judge the

acceptability of out put and to identify any I nst ance of
no(rjl_-conf or nance. Renenber the key terns: eval uate, neasure, or
audi t.

Anot her exanple could be an organization which has found that a group
of operators has been turning out excessive anpbunts of nonconform ng

output .~ The problemturned out to be a lack of clear understanding
of requirenments, so training was initiated. Isn't the cost of
training part of the failure costs, since the training is the
corrective step resulting fromthe defects? Again, refer back to the
definitions. Failure costs are those associated with activit¥
required to evaluate and correct or replace output that fails to nee
establ i shed quality st andar ds and/ or performance requirenents.
Remenber the key terns: determ ne, disposition. rework, scrap,
repair, reaccomplish, or correct. Once the defective output has been

dispositioned, attention is turned to determning why the defects
occurred in the first place and how to prevent them fromrecurring.
The training is designed to do that and therefore it is a prevention

cost, in line with the definition for the prevention category.
BENEFI TS OF COST OF QUALITY

Now that the <cost of quality categories are known and the various
costs that are associated wth each category are recognized, the
value of having these costs can be discussed. A very inportant point
must be made. Renmenber : the cost of guality is not an end in
itself, but a neans to an end. Cost of quality represents one of
many tools available for use in inproving the overall quality of the
products that the Departnent of Defense buys for use by defense
personnel. As a beneficial tool, cost of quality:




1. provides visibility into the total cost of ensuring
requirements are being net.

2. points to Problens in the quality programthat are reflected
In cost o qual ity category inbal ances, or excessive costs
in the non-val ue added areas of quality activity.

3. acts as a diagnostic tool at |ower organizational levels in
i dentifying problem areas.

4. al | ows gudgnents about the real thrust of a given quality
effort rom the perspective of “inspecting quality in®

versus "designing and buil ding quality in

5. allows managenent to gudge the effectiveness of corrective
actions taken to elimnate root causes and inprove quality.

Once cost of quality has provided the above benefits, other quality
managenment tools can then be applied to work problenms and devel op
sol uti ons. A contractor cannot be expected to successfully elimnate
causes for defective mterial unless he has good visibility into
where his problens are. Assunming he is doing what is required under
ot her cont ract ual requirenents, such as  MIL-Q-9858A and
MIL-STD-1520 , his overall effort wll now be significantly enhanced
due to the benefits of having cost of quality data avail able. Let’s
exam ne the benefits and see how each is realized.

Benefit 1: Provides visibility into the total cost of ensuring
requirenents are being net. Experts in the field of quality toda
agree that the total cost of qual|t¥, expressed as a percentage o
sales, averages between 1s5% and 30% for American Conpanies. |f the
reader is famliar at all with the traditional neasures of scrap
rework, and repair, these nunbers totaled as a percent of sales, are

typically between 5 and Ilo%. Wiy the difference? Because scrap
rework, and  repair onl represent FAI LURE COSTS, and nore
specifically, | NTERNAL FAI LURE TS. Appraisal and prevention

cost s, and external failure costs nust be added in for a true picture

of the cost of quality. Seeing these other cost categories is vita
because:

apprai sal costs show what it costs to find the itens that
require scrap, rework, repair, or use as-is actions

prevention costs show what |evel of effort is being expended
to avoid defective output, that is scrap, rework, or repair
actions in the first place.

external failure costs show what costs are incurred after
the output is in the hands of the custoner and it fails to
meet custoner requirenents.

It should be obvious that seeing all the cost categories, in all
functional areas, is the only way to know the true total cost of the
qual ity effort.




Benefits 2: Points to problems in the guality program that are
reflected in cOST Oof guality category inbal ances, or excessive costs
In__the non-Vval Ue ddded areds O quality. Now that the total cost iIs
visible, and particularly 1in view of why each category is inportant
as descri bed above, attention can be turned to the rel ative
i nportance of each «category, both to the total and to each other
Look at figure 1-1.

EXTERNAL
FAILURE
25%

APPRAISAL
48X
INTERNAL
FAILURE
20X
PREVENTION
7X
figure 1-1
Note that fully half the cost s jncurred just finding defective
output  (appraisal). Just short of half is incurred in dispositioning
curred in

the defects after discovery (failure) on| % i
: . 0
efforts to prevent defects from occurring in t e erst
does all this mean?

i n
place.  "\pat
| f this is a wMrIrL-g-9ss8a contractor, i i
paragraph 3.6, which calls for “prevention aﬁ8”€%k?8€?iox‘3P
defects” is clearly heavy on the correctiomn side.

Failure costs are high as a percentage of the total because
very little is being done to prevent défects from occurring.

| f this is a MIL-sTD-1520cC idiscipli
. ) D2 contractor, mpltidiscipline
action to determine and elimnate root causes Por geFec SRS

not being effectively inplenmented.
For the Air Force analyst, ga Iogical next step with this contractor
would be to |ook at data on repeat nonconformances and overal |l defect
level trends. Chances are excellent that the data woul d show

hi gh incidence of repeat nonconfornances.

fairly stable, or flat trends, showing no real inprovenment
over tine.



The inportance of cost of quality data should now be c early
apparent, particularly as an aid to point one toward ot her
i ndications of quality activity in order to nake judgnents about
whether the government is getting what s is paying for fromthe
contractor’s quality system The contractor is being paid to find
and correct defects and to elimnate the causes, s0 as t0 preventthe
defects from recurring in the future. Further, prevention should be
active wup_front, to prevent nmany potential defects from ever
occurring in the first place. A contractor operating with relative
costs of quality categories as shown in figure 1-1 will, in all
likelihood, have a total cost of quality in the 15 to 35% of sales
range.

Now | ook at Figure 1-2,

APPRAISAL
40%

PREVENTION
45X

e INTERNAL
EXTERNAL FAILURE - 7%

FAILURE - BX

Figure 1-2

Note that alnost fully half of the total cost is incurred in
preventi ng defects from occurring in the ;irt pl ace or frorx
reoccurring. Al'so note that as a percentage of the total, apprai sal
costs Is 40%, not far fromthe percentage in figure 1-1. Does. thi§
nmean the contractor jn figure 1-2 is still inspecting in “quaﬁlty
The answer is no, for the foll owing reasons:

wWith the heavy enphasis on prevention (assuning it is an
effective effort) defects are being avoided in the first

?Iztac?,e and those that do occur are not repeating in the
uture.

the appraisal effort is necessary.to ensure that the
prevention effort is indeed working asyi nt enéeed?.



the 1low failure cost fperce_nt ages would tend to indicate the
prevention programis effective.

with this type of procram, |ooking at data on repeat defects
and defect trends over time wll likely show very low
repeats and excel |l ent downward trends.

Al though appraisal is at 40%of the total, a contractor with relative
costs of quality as shown in figure 1-2 will usually have a total
cost of quality in the 5 to 10% of sales range. In this case, the
actual appraisal effort, and its associated cost, is much smaller

conpared to the effort in figure 1-1, - because the total cost of
quality is |ower.

As a further exanple of the above discussion dealing with figures 1-1
and 1-2, real data from The Tennant Comnanv,. a company that has
successfully inplemented a quality program oriented toward preventing

defects in the first place, and preventing reoccurrence of defects
that do occur, is presented in figure 1-3.

COST OF QUALITY

1980
17% OF SALES

1986 THROUGH MAY
7. 9%OFSALES

APPRAISAL
17%

FAILURE
50% PREVENTION

4196

PREVENTION
15%

figure 1-3

Reprinted by perm ssion, Tennant Conpany, "Quest for Quality",1987

Notice that as effort in prevention grew as a percentage of the total
cost of quality, the total cost fell dramatically. Note al so that

appraisal as a percentage of the total fell. But this conpan
expects appraisal to stabilize at about the original percentage o
the total. This is because the quality organization in this conpany

Is  now perform n% essentially an audit function to ensure evervone
else’s quality efforts are effective. The enphasis on everybody is
Inportant, and ties very well to the concepts of MIL-sTD-1520C. A
multidisciplined approach to analyzing the root causes of quality
problens recognizes that many functions can and often do contribute
to generation of defective  output . Unl ess ever otenti al
contributor takes an ob# ective |ook at where they cou?/d ave done

sonething to cause the defect, real identification and elinination of
root causes cannot take place.



why does the enphasis on prevention result in |ower overall cost of
quality and better quality in the end product?

preventing nonconformances occurs through good anal ysis of
all ~ “processes” and refinement of those processes so they
produce little, if any, defective output.

once confidence is gained in ‘"process" capability, less
appraisal effort is "needed to continue to verify process

integrity.

| ess  nonconforming  output is generated that '
di sposition actions, P 9 requires

less failures occur in the field due to nonconf or m ng

products.
As an illustration of what happens | ook at figure 1-4.
i 3
$3s : , z
figure 1-4 z ; 5 g

OUALITY UNKNOWN 100X ENFORCEMENT GOAlL
NO SPICIHICATIONS OF SPECIFICATIONS THAT
OUALITY NTR
NO MEASUREMENT OO NOT TOTALLY RESLECT 10 AA:SU u?(‘r:m
CUITOMER NEID . MINIMUM AT LOW{ST
RICARD FOR COST st cost

b CONTROL OF QUALITY

Reprinted by permission, American Societ .
“Quality Costs: ' |deas and Applications™, 1983 for Quality Gontrol,

Nottice that the 100% enforcement point reflects high appraisal and
failure and overall total cost of quality, with | ow prevention.

goal IS to optimze total cost of quality through that increase in
prevention needed to elimnate defective output, such that failure
and appraisal costs are mnimzed. Notice that external failure is
Lgs\,l\éiglte the goal point, -thus providing the customer the best output

Benefit 3:  Acts as a diagnostic tool at |ower organizational |evels
In_ldentifying problems _ Looking back a} table 1-1 we are
{em n eh 0f tp\e | ar ge vafrlety of individual cost elenents that go In
0 each Ol the cost o ual j t cat egori es.

prevention costs in table 1-1%\@ i r¥d: g For exanple, under



Operations (Manufacturing or Service)
Operations Process Validation
Operation Quality Planning

Design  and Devel opnent of ality Measurement and
Control Equi prent Q y

Operation Support Quality Planning
Operator Quality Education

Oper at or spc/pProcess Contr ol

Consider a final assembly area for a conplex nechanical product, ¢ ch
as a Jet engine. The cost of quality for the area is again nmade up
of the categories of prevention, appraisal, gand internal and externa
failure. The costs at this level contribute to the overall totals

for the company. Look now at figure 1-5.

coQ - TOTAL COVPANY COQ - FINAL ASSEMBLY

EXTERNAL
FAILURE
APPRAISAL 25%
PREVENTION 40% APPRAISAL
45x 48X
INTERNAL
FAILURE
20%
— INT ERNAL
EXTERNAL FAILURE - 7X — PREVENTION
FAILURE -8X 7%

Figure 1-5

It 1s entirely possible for a |ower level unit within the conpany to
have cost of " quality relationships that are significantly different
from those for the ‘total conpany, as shown in figure 1-5. The
manager 1n final assenbly should bé concerned. |t is obvious that a
hard | ook is needed at what is being done in the area of prevention.

Action should include |ooking at the cost elenments listed above from
table 1-1 for Operations, since final assembly is essentially the



operation of putting the product together. The types of failures
being found by the appraisal effort should also” be exanined to
determ ne those that could be prevented by proper enphasis on the
I ndi vi dual prevention cost elenents, and nore specifically, t he
prevention activity that generates those cost elenents. Val i d
questions to ask are:

What are the failures we are experiencing?
Whi ch ones are contributing nost to failure costs?
Wy are they occurring?

Wiat prevention effort is underway to address these high
contributors?

s current prevention failing?

Wiat are  all the possible  causes for these high
contributors?

What prevention action can be put in place to elininate
these failures now and in the future?

Once these actions are taken the manager can then nove to benefit ¢s,
having visibility into cost of quality, discussed below.

A word here about wuse of cost of quality data by top management is

appropri ate. Refer again to figure 1-5. If top mapagenment | ooks
only at the total cost of quality and the relationship between the
categories they are not 90|n? far enough. In the above exanple

| ooking at figure 1-5, Cost of Quality - Total Conpany, at the nake

up of the 45% prevention relative to each major function's
contribution may reveal the followng (figure 1- 3 .

FUNCTIONAL CONTRIBUTIONS TO PREVENTION COSTS
b 4 15—1 ™ — -

o
-
|

i 1 i i 1 1 1R 1 1 FUNCTION
MARKETING PROD. CONT. VENDOR QA | TEST CELL  WELDING

|
DESIGN ENG PURCHASING FINAL MACHINING PAINTING

ASSEMBLY

FIGURE 1-6
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Althou?h prevention is 45% of the total cost of qualjty, final
assenb Is low relative to the percentage of contribution of the
other functions. The next question to ask is, "What are the relative
contributions to failure costs (figure 1-7)?"
FUNCTIONAL CONTRIBUTION TO FAILURE COSTS
¥ 30+
25
20 -
154
10 +
10
| [ FUNCTION
MARKETING PROD. CONT.YENDOR QA ’ TEST CELL ’ WELDING ’
DESIGN ENG. PURCHASING FINAL MACHINING PAINTING
ASSEMBLY
FIGURE 1-7
It is obvious that 30% of the total conpany failure costs come out of
final assenbly. In view of the |lower effort in prevention and the

high level of failure contribution, top level management shoul d be
looking to final assenbly managenent to anal yze the situation, take
action, and report back.

There are a variety of circunstances that can and do dictate the
relative relationships among  functi onal el ement s and  thejr
contributions to cost of quality. The exanple is intended to gake
the point that nmanagenment at all levels nmust use cost of quality data
as a tool to help identify and solve problens.

Benefit 4. Allows judoements about the real thrust of a given effort
t0 improve Or manage ,auality from the Perspective of “inspecting
quality in" versus desidnind gnd puilding cuality in’. . As di scussed
under benefit 1, the relative size of prevention and failure costs to
each other and to total cost of quality can be used to determne the
approach to guallty bei ng taken by a given conpany. \Wen failure is
very high and prevention low, then appraisal effort is nostly to find
defective output , which is then dispositioned. On the other hand,
when prevention is high and failure is low appraisal is nostly to
verify that prevention I's indeed working. Appraisal of actual output
can be reduced and tre focus changed to audit of processes to ensure
process integrity is naintained so that nonconform ng output does not

occur. (All processes, not only manufacturing processes. )




Benefit 5: Allows nmanagenent to dudage the effectiveness of
corrective actions taken to elimnate root causes and improve
quality. As di scussed under benefit 3, once a manager has recogni zed
that a problemexists by evaluating his cost of quality information,

he can then nonitor the effectiveness of any action taken to correct
the situation by watching how his cost of quality reacts. The cost
elenents that go into his cost of quality should also be checked to
be sure specific actions are taken (costs here increase) and that
failures are being elimnated as a result of these specific actions

(costs here decrease).
BASES USED I N COST OF QUALITY

Another inportant area to consider in a discussion of the concept of
the cost of quality is the subject of the bases used for calculating
cost of quality and for making iudgnents about what the costs nean.
Any base chosen will vary in absolute ternms over time as the |evel of
business activity changes. Experience has shown that no natter what
t he base, expressing cost of ﬁual|ty as a percentage of that base has
proven to be the nost wuseful approach. Keep in mind that cost of
quality is measured for two primary reasons. First, cost of quality

helps to identify areas which need attention for nakin

i nprovenents. ~  Second, once action to inprove is underway, cost o

quality provides a neans of neasuring the actual inprovenment
achi eved.

In deciding the bases to be used, a close working relationshipis
needed bet ween t he accounting,  manufacturing,  and qual it

departments. An easy way to start is for an organization to | ook a¥
what bases are currently neasured. One advantage of using this
approach is that it requires no changes in the current accounting
system A second advantage is that using existing bases keeps the
information on a footing that is already well established and
understood wthin the conpany. Management often already reacts to

these bases, so expressing cost of quality in these terms can nake an
| npact on acceptance of the cost of quality nunbers and the use of
t hose nunbers as managenent t ool
Bases that are frequently used include:

total production costs

net sales

total purchased material costs

total work center output

direct |abor hours

productive direct | abor

shop - cost input

contributed val ue



and decreases

| mpor t ant

in

noder ni zati on are

equi val ent units of productive output
Wien a conpan selects, the
factors mist be’ consi ger ad: bases to be used, several
Are the bases sensitive to increases
producti on schedul es?
| f methods inprovements through eguipnent (
achieved, will the bases be affected by |ower direct costs?

.

Are they affected by nornal

Are _theX
materi al s”

sensitive to

he matrix gﬁovgded I N Table .
actors to each of the bases previ

fluctuati

fluctuations in sales?

ons in

t he

BASE FACTCRS

Sensitive Moderni

eroc. Soh | Biv ect toms | Fracionitn | Mierials
Total Production Costs X
Net Sales X
Total Purchased Material

Costs X

Total Work Center Output X X X
Direct Labor Hours X X
Productive Direct Labor X X
Shop Cost Input X
ontributed Value X
‘quivalent Units of
roductive Output : X X

price of

did 9V ddie applicability of these

TARIE 1-2



Certain bases may be nore appropriate for use in one area than in

anot her . It is perfectly acceptable to use a different base
among | ower |evel cost centers. For exanple, Production woul d be
interested in, perhaps, internal failure costs as a percent of

total production costs. Purchasing, on the other hand, may want
to look at appraisal costs as a perCentage of total” pur-chased
mat erial costs . Engi neering may want to consider prevention
costs as a percent of design engineering |abor costs. The base
sel ected should be one that is a true reflection of what is belng
expended against the quality effort for that area.

as part or tne devel opnent of this handbook, interviews were
conducted with a variety of conpanies doing business wth the
governnent.  Anong the questions asked was "How are you express-
Ing the cost of qualltgh” The overall results of these inter-
views are provided in apter 3, and Appendix D, but in terns of
bases being used we found generally:

cost expressed as dollars

cost expressed as % of man hours

cost expressed as % defective

cost expressed as material cost in dollars
cost expressed as a % of sales

JUDGA NG THE MEANI NG OF COST OF QUALITY | NFORVATI ON

A major problem for a governnent analyst in |ooking at cost of
quality nunmbers is how to judge their nmeaning for an individual
grogran1 For exanmple, is the co an% collecting cost of quality
y departnent, by program and by business unit, or only as a
total? As shown in our exanple earlier, dealing with the total
conmpany versus the cost of quality for final assenbly, it is very
i mportant for managenent to understand what goes into a conpany
total, and for |ower |evel managenent to understand what their
unit contribution represents.  The breakdown of contributions to
the total cost nunbers should be driven by a | ogical application
gf the structure of the organization. For exanple, see Figure 1-

EXAMPLECOMPANY STRUCTURE

TOTAL COMPANY [ABC CORPORATION 1

BUSINESS SEGMAKTS——> [AEROSPACE MARINE
PRODUCT LINES —> [HELD) [FIGHTER] [CRUISER] [PT

COST CONTROL l 1 | |
CENTERS —3 | WELDING | |MACHINING| |PAINT | [ASSEMBLY |

FIGURE 1-8
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Under st andi ng the contribution of each of the levels in Figure I-
8 to the total conpany cost of quality categories is inportant.

Adverse trends, or unusually high cost at a lower |level, nmay be
masked when conbined with all other cost center input. \wih this
in mnd, |ooking again at Figure 1-8, one could consider jcoking
at, for exanple,” internal failure for "machining" a5 a contri bu-
tor to “Manufacturing” as a contributor to “Fighter’ , as a con-
tributor to "aerospace", as a contributor to “total conpany” cost

of quality (figure 1-9)

PULLING UP COST OF QUALITY CONTRIBUTION-THROUGH
THE STRUCTURE OF THE COMPANY

IABC CORPORATION
1
{
AEROSPACE (MARINE ]

—_

[HELO] [FIGHTER [CRuISER] [PT
1

l ! | J Bl

IWELDING’ MACHINING [PMNT ASSEMBLY

FIGURE 1-9

EVALUATI NG THE COST OF QUALITY

How do you know if the cost of quality is too high or too |low, or

jUSt_ about I’Ight'7 Ils there an “accept abl e range”
qual ity? Is continual inprovement the Teal goaf . for cost of

Recognize that at the producer there nust be sonme cost of
quality. Qherw se there would be no control over output and no
measurement of whether that output met requirenents. ul e
Up to the user to prove the itenis quality t hr ough aEEug? d%é?
If it performed as required and met all requirenents, it would

be judged a quality product. If it failed, it would not be
judged a quality product. However, allow ng for the user to find
out whether the product js usable or not is not the wav to
determine the quality. — The manufacturer myst take some action to
geteranioghe product’s acceptability betore del rvery. (See
igure 1-10).
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It is obvious that if the manufacturer is going to expend resources
to determ ne product quality there will be a cost associated with
those resources. |If the quality determination effort is elimnating
field failures (other than normal wearout) then these quality efforts
are satisfactory fromthe user’s viewpoint. But how the quality
effort is applied to elimnate field failures will determne to a

|l arge extent how nmuch it costs. |If the user is paying the bills,
then the cost of quality is a factor in determning the end item
price.

If the contractor is screening all products, at selected internediate
stages, as well as gust before final delivery, and is finding and

di sposi ng of nonconformng items, then the production process is very
inefficient. The process is producing defective products. If the
producer knows this from experience gained through screening

products, then allowances will be built in (in addition to the cost

of actually doing the screening and disposing of the defects) for
extra material, extra people, etc. , to accommpdate the scrap, rework,
and repair needed to correct/elimnate the defects. Al this extra
al  owance adds to the cost of the final product. The buyer is paying
for all the inefficiency in the producer’'s system The producer may
have an effective quality program, based on elinmination of field
failures, but not an efficient quality program because he is allow ng
inefficient processes to generate defects and is passing along in the
cost of the product the costs of finding and fixing the problens.

(See Figure 1-11).
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What is described above only addresses the readily visible costs
associated with manufacturing. \What about costs such as:

drawi ng error correction

engi neering changes

engi neering liaison calls

pl anni ng revisions

redone purchase orders

i nconpl ete bid packages
re-inspection

re-test

pre-review of defective materia
use as-is

Al'l these are exanples ofcosts associated with inefficient processes
that are generating nonconform ng output (engineering draw ng; work
instruction; purchase order) and require extra resources to correct
or dispose of the nonconformng material. Once nore, additiona

costs are generated and are passed on to the custoner.

If the contractor is |ooking for nonconform ng output and is taking
steps to determne the real cause of these nonconformances, and
further, is putting into place actions that not only elimnate the
nonconformances, but prevent them fromoccurring, then he is
attacking and elimnating the inefficiencies in Ni's processes. cost s
previously generated to acconmpbdate the inefficiencies are greatly
reduced or elimnated. The buyer is paying for a programthat will
result in effective and efficient production and on schedul e de.ivery

of a conformng product, and should not be paying for excess costs
needed to support wasted resources. (See Figure 1-12).
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The optinmum situation.

Defects are prevented from occurring.

Defects that do occur are found, fixed, and prevented
from happening agail n.

Assumng the design fulfills all user requirenents,
reliability and _mintainability inpact of defects
getting to the field Is greatly reduced. _

c19fst _ oft quality is low Systemis both effective and
efficient.

Figure 1-12
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Thi s al

boils down to answering the follow ng questions:

I's the <contractor’s product failing in the field due to
nonconformances?

I's the ~contractor expending most of his quality costs in
;inﬁggg and fixing nonconformances before they reach the
i eld?

I's the ~contractor preventing nonconformances from occurring
in the first place, and fromrecurring in the future?

See Table 1-3.

1-22



